ABSTRACT PURPOSE: To determine the predictability, effi cacy, safety, and stability of LASIK using custom ablation with the NIDEK Advanced Vision Excimer Laser System (NAVEX).
RESULTS:
Mean postoperative spherical equivalent refraction was Ϫ0.05 diopters (D) (range: Ϫ0.92 to ϩ0.88 D). Uncorrected visual acuity was 1 or better in 109 (91%) eyes and 1.2 or better in 47 (39%) eyes. Postoperative spherical equivalent refraction was within Ϯ0.50 D of intended correction in 110 (92%) eyes. Fifty-two (43%) eyes gained 1 or more lines of best spectacle-corrected visual acuity (BSCVA), and no eyes lost more than 1 line of BSCVA. Higher order aberrations root-mean-square increased by 0.053 µm postoperatively. Patients with preoperative higher order aberrations у0.3 µm were less likely to have induced higher order aberrations.
CONCLUSIONS: Wavefront-guided OPDCAT treatments with the NIDEK NAVEX system for myopia are safe and effective with excellent visual acuity and refractive outcomes. Eyes with у0.3 µm of higher order aberrations preoperatively will benefi t more from OPDCAT treatment than eyes with a smaller amount of higher order aberrations. [J Refract Surg. 2008; 24:487-493.] C onventional excimer laser refractive surgery such as photorefractive keratectomy (PRK) and LASIK corrects lower order aberrations of the eye such as myopia, hyperopia, and astigmatism. Although the safety of these procedures has been well established, 1, 2 there is a signifi cant induction of higher order aberrations postoperatively. 3, 4 Significant induction of higher order aberrations has been implicated in decreased visual quality of the eye. 4 The recent introduction of wavefront-guided custom ablation has been shown to reduce the induced higher order aberrations postoperatively. [4] [5] [6] Custom ablation treats both lower order aberrations and higher order aberrations such as coma, trefoil, and spherical aberration. By targeting higher order aberrations, custom ablation can prevent or reduce these aberrations and thus reduce the risk of night vision disturbances postoperatively. The goal of custom ablation is to improve the optical performance of the eye compared to conventional surgery.
The purpose of this study was to determine the predictability, effi cacy, safety, and stability of custom ablation LASIK with the NIDEK Advanced Vision Excimer Laser system (NAVEX; NIDEK Co Ltd, Gamagori, Japan). This study used the optical path difference custom aspheric treatment (OPDCAT) as the ablation algorithm. Optical path difference custom aspheric treatment uses an aspheric algorithm for the optical and transition zones to maintain the physiologic corneal shape and treats ocular higher order aberrations using MultiPoint spot ablation.
PATIENTS AND METHODS

PATIENT POPULATION AND OPHTHALMIC EXAMINATIONS
In this retrospective study, 120 eyes underwent custom ablation with OPDCAT using the NAVEX system. The NAVEX system consists of the OPD-Scan wavefront sensor and corneal topographer, the EC-5000CX excimer laser, the MK-2000 keratome, and Final Fit ablation planning and shot generation software.
Average All patients underwent ophthalmic examinations preoperatively and 1 week and 1, 3, 6, 12, and 18 months postoperatively that included measurement of distance uncorrected visual acuity (UCVA) and best spectaclecorrected visual acuity (BSCVA), manifest and cycloplegic refractions, slit-lamp examination, corneal topography and aberrometry using the OPD-Scan, corneal thickness, keratometric power, and a dilated fundus examination. Postoperatively, a dilated fundus examination and cycloplegic refraction was conducted only if clinically warranted. Data for the last postoperative visit ranging from 6 to 18 months are reported. MultiPoint treatment rate and meanϮstandard deviation spot ablation depth data are not available because the author moved to a different surgical center.
SURGICAL TECHNIQUE
All eyes underwent LASIK. Eyes were prepared in a sterile fashion for surgery. One or two drops of topical anesthetic were instilled, and a sterile drape was used to isolate the surgical fi eld. A lid speculum was inserted to allow maximum exposure of the globe. An automated mechanical microkeratome was used to create the keratectomy. After refl ection of the fl ap and prior to ablation, iridic landmarks of the eye in the supine position were compared to an OPD image using the torsion error detector function of the laser, and the eye was rotated to account for any cyclotorsion. Proper alignment of the eye with the laser was achieved with a 200-Hz infrared eye-tracker centered on the pupil. The fl ap was refl ected back to expose the stroma, and the ablation was delivered to the stromal bed. Patients fi xated on a red fi xation light, coaxial with the surgeon's line of sight and the excimer laser beam, throughout the ablation. The fl ap was repositioned and the interface was irrigated with balanced salt solution to remove any debris. Postoperatively, patients received topical fl uoroquinolone antibiotic and corticosteroid drops four times daily for 1 week.
All eye images acquired using the OPD-Scan were performed under scotopic conditions to ensure adequate physiologic pupil dilation for wavefront measurements. All maps were checked by the author for consistency and the lack of artifacts prior to simulating treatment using the Final Fit software. The SO 95-C120-S26 nomogram loaded into the Final Fit version 1.11 software was used for all treatments. The MultiPoint Wavefront-guided Custom Ablation/Venter treatment rate was 60% using a 1-mm spot diameter. All eyes were targeted for emmetropia after treatment.
RESULTS
Mean follow-up was 10.2Ϯ2.15 months. Mean postoperative manifest refraction spherical equivalent was Ϫ0.05Ϯ0.28 D (range: Ϫ0.92 to ϩ0.88 D). Mean postoperative sphere was 0.06Ϯ0.28 D, and mean postoperative cylinder was Ϫ0.28Ϯ0.27 D. The effi cacy graph shows 109 (91%) eyes had UCVA 1.0 or better and 47 (39%) eyes had UCVA of 1.2 or better (Fig 1) . The predictability of the procedure shows a tight grouping of points with all data points well within the Ϯ1.00 D standard deviation and an R 2 value of 0.99 (Fig 2) . Postoperatively, manifest refraction spherical equivalent was within Ϯ0.50 D of the intended correction in 110 (92%) eyes (Fig 3) . Fifty-two (43%) eyes gained 1 line or more of BSCVA, and no eyes lost more than 1 line of BSCVA (Fig 4) .
All root-mean-square (RMS) values are reported for a 6-mm pupil diameter. The higher order aberrations RMS changed from 0.410 µm preoperatively to 0.463 µm postoperatively. Lower amounts of preoperative higher order aberrations RMS had greater levels postoperatively. The baseline range in which this was observed was у0.300 µm (Fig 5) . As the magnitude of preoperative higher order aberrations RMS increased, there was an inverse linear correlation to the magnitude induced postoperatively (Fig 6) . Eyes with lower levels of higher order aberrations RMS preoperatively (mean: 0.336 µm; range: 0.160 to 0.450 µm) showed an increase postoperatively, whereas eyes with higher levels preoperatively (mean: 0.629 µm; range: 0.451 to 0.860 µm) showed a decrease postoperatively (Fig 7) .
Mean coma was 0.192 µm preoperatively and 0.245 µm postoperatively. Lower preoperative coma induced greater levels of coma postoperatively (Fig  8) . For levels of coma Ͼ0.300 µm preoperatively, the postoperative level of coma decreased in the majority of eyes (see Fig 8) . As the magnitude of preoperative coma increased, there was an inverse linear correlation to the magnitude of coma induced postoperatively (see Fig 8) .
Mean spherical aberration was 0.116 µm preoperatively and 0.177 µm postoperatively. Eyes with low preoperative levels of spherical aberration (range: 0.100 to 0.150 µm) had greater levels of spherical aberration postoperatively (Fig 9) . As the magnitude of preoperative spherical aberrations increased, there was a mild inverse linear correlation to the magnitude of spherical aberrations induced postoperatively (see Fig 9) .
There was no correlation between preoperative low to moderate myopic treatments and the induced higher order aberrations RMS postoperatively (Fig 10) . Preoperative myopia Ͼ7.00 D had a trend toward greater induction of higher order aberrations (see Fig 10) . Comparison of the mean preoperative sphere of eyes that had a reduction in higher order aberrations RMS postoperatively to the mean preoperative sphere of eyes that had an increase of higher order aberrations RMS found no statistically signifi cant difference in sphere between these groups.
The modulation transfer function is a measure of image quality that plots the ability of the eye to transfer object contrast to the image. The area under average modulation transfer function curves increased after OPDCAT treatment (Fig 11) . The ratio of A/B, representing the mean optical performance of all eyes compared to that of the best human eyes, increased significantly after OPDCAT treatment (see Fig 11) . The ratio of H/B, representing the mean optical performance of all eyes due to higher order aberrations compared to the performance of the best human eyes, decreased slightly after OPDCAT treatment (see Fig 11) . Postoperatively, the higher spatial frequencies from 25 cycles per degree to 60 cycles per degree increased for the curve representing the performance of all eyes due to higher order aberrations (purple curve in Fig 11) compared to preoperative performance (see Fig 11) .
DISCUSSION
This investigation of the treatment of primary myopic eyes using the OPDCAT custom ablation algorithm shows the procedure was safe, with no eyes losing more than 1 line of BSCVA. Long-term effi cacy was Wavefront-guided Custom Ablation/Venter excellent, with 109 (91%) eyes having UCVA of 1.0 or better and 47 (39%) eyes having UCVA of 1.2 or better. The outcomes obtained in this study are consistent with previous studies that have shown OPDCAT to be safe and effi cacious for the treatment of myopia with and without astigmatism. 7 In a single center study of 84 myopic eyes, Pop and Bains 7 reported 94.5% eyes with BSCVA of 1.0 or better.
The nomogram used in this study gave accurate results with no signifi cant trend toward undercorrection or overcorrection (see Fig 2) . The refractive outcomes in this study produced encouraging results. For example, the majority of eyes achieved functional UCVA of 0.8 (see Fig 1) . Optical path difference custom aspheric treatment for myopia demonstrated excellent refractive outcomes, with postoperative manifest refraction spherical equivalent within Ϯ0.50 D of the intended correction in 110 (92%) eyes (see Fig 3) .
The outcomes reported in this study surpass the outcomes reported for conventional LASIK for myopia. 8, 9 Conventional LASIK can increase the level of higher order aberrations 37% to 62%, resulting in decreased visual quality. 10, 11 One of the most signifi cant aberrations induced after conventional LASIK is spherical aberration, which causes halos and other night vision disturbances postoperatively. 12 The ability to lower the induced higher order aberration after excimer laser ablation is one of the advantages of custom ablation. 
Wavefront-guided Custom Ablation/Venter
However, spherical aberration still can be generated, albeit to a lesser extent, with custom ablation. Spherical aberration is generated after custom and conventional ablation due to laser delivery on the cornea that induces signifi cant curvature changes in corneal topography. 4 One strategy to limit the induced spherical aberration is the use of aspheric ablation profi les such as OPDCAT that maintain the physiological prolate shape of the cornea postoperatively.
There was a mild increase of 0.053 µm in the mean higher order aberrations RMS in eyes treated with OPDCAT. On further analysis, eyes with р0.3 µm higher order aberrations RMS preoperatively had an increase of 0.101 µm postoperatively; eyes with у0.60 µm higher order aberrations RMS preoperatively demonstrated a decrease of 0.091 µm postoperatively (see Figs 5 and 6) . From these observations, the author believes eyes with Ͼ0.30 µm of higher order aberrations preoperatively will benefi t the most from custom ablation.
Analysis of coma and spherical aberrations also seem to follow this trend. For example, as the magnitude of coma increased Ͼ0.30 µm, there was less induction of coma postoperatively (see Fig 8) . The induction of spherical aberration was minimal, with the majority of eyes showing Ͻ0.20 µm of induced spherical aberration postoperatively (see Fig 9) . The reduced induction of spherical aberration postoperatively likely was the result of the aspheric treatment incorporated into the OPDCAT algorithm. Induction of higher order aberrations was not statistically signifi cant regardless of the magnitude of myopic sphere treated (see Fig 10) . This outcome indicates that for low to moderate myopia, the induction of higher order aberration following laser ablation likely is the result of the preoperative levels of higher order aberrations rather than the ablation itself. The greater induction of higher order aberrations in eyes with fewer higher order aberrations preoperatively might indicate fl ap creation itself induces a baseline amount of higher order aberration, as seen by the postoperative increase in the higher order aberrations RMS in eyes with lower values preoperatively. In contrast, in eyes with greater levels of preoperative higher order aberrations RMS, the effect of the spot ablation appears to reduce or negate the fl ap-related effect.
The lower induced levels of higher order aberrations, spherical aberration, and coma theoretically should lead to better visual performance compared to conventional treatments. Modulation transfer function is an objective measure of visual performance. Although the mean ratio of performance of eyes accounting for the higher order aberrations to the performance of the best human eyes (H/B in Fig 11) was slightly lower postoperatively, the mean values for the higher spatial frequencies were slightly (although not statistically signifi cantly) higher. Based on these observations, visual performance is maintained to at least preoperative levels using LASIK with OPDCAT for myopia.
This study indicates OPDCAT treatments with NAVEX for myopia are safe and effective with excellent visual acuity and refractive surgical outcomes and the potential to maintain preoperative levels of visual quality. Eyes with Ͼ0.30 µm of higher order aberrations preoperatively will benefi t more from OPDCAT treatment than eyes with Ͻ0.30 µm of higher order aberrations.
